Resonant photoemission spectra of cubic Ηg0.94Fe0.06S were measured for photoii energies near to the energy of intra atomic Fe 3p6 3d6 -^ 3p 5 3d 7 transition. The difference between the spectra taken at resonance and antiresonance is presented as a measure of the energy distribution of Fe 3d derived states. The results obtained show that Fe 3d states contribute to the whole valence band with a distinct structure appearing at the band edge.
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Many of the diluted magnetic semiconduction (DMS) based on II-VI compounds have been extensively investigated since the 70s. Their electric, magnetic and optical properties were determined and band stuctures described [1] [2] [3] [4] [5] . However, this is still not the case for those solid solutions which would contain mercury sulphide as a non magnetic component. This compound is an exception among the other, tetrahedrally bonded, members of the II-VI family. Its natural form (α-HgS) is a wide gap semiconductor of a cinnabar crystal lattice. The cubic modification of mercury sulphide, β-ΗgS, is stable at above 550 Κ but it transforms upon cooling into α-ΗgS [6] . Thus, big size, bulk monocrystals of cubic HgS have not been available to experimentation until quite recently. Some information about crystal stucture and electronic properties was obtained from experiments performed for a powder produced by chemical precipitation [7] , a natural polycrystalline material highly doped with Fe (metacinnabar) [8] , or vacuum-evaporated thin films [7] .
However, a technique of stabilization of the cubic lattice in big monocrystals of HgS grown by means of an equilibrium method has been recently proposed [9] . It is based on doping the crystals with a transition metal (e.g. Fe, Co) or selenium. That achievement made it possible to investigate further properties of β-ΗgS with prospects to compare the results with those known for HgTe and HgSe as well as for the cinnabar form of HgS. Moreover, a new group of solid solutions (DMS, among others) has been obtained. The opportunity arose to fjll the gap in the set of data concerning properties of II-VI based diluted magnetic semiconductors.
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In this paper we report the results of the valence band density of states distribution study performed for cubic Hg 0.94 Fe 0.06 S by means of photoemission. In order to reveal the Fe 3d derived contribution built into the valence band we applied resonant photoemission spectroscopy. Energy distribution curves (EDC) were measured for the photon energy range covering the Fe 3p-3d absorption edge (50-57.5 eV). The comparison of the spectra taken at resonance and at antisresonance energies enabled us to visualise emission from Mn 3d derived states. The complementary data were also obtained by a constant initial state (CIS) technique.
The photoemission experiments were performed in the FLIPPER II system built in HASYLAB at DESY (Hamburg, Germany). The set-up consists of interconnected UHV chambers designed for the sample preparation and extended characterization of solids. The analysis chamber is equipped with a cylindrical mirror electron energy analyser and a low-energy electron diffraction (LEED) facility. The system is attached to a beamline of the storage ring DORIS II via a plane grating monochromator designed to operate over the photon energy range of 15-200 eV. The total energy resolution achieved in photoemission experiments was 100 meV. The FLIPPER II system has been described in detail in Ref. [10] .
The samples investigated were prepared by a modified Bridgman method in the Institute of Physics, Polish Academy of Sciences in Warsaw. It was checked by X-ray diffraction that Hg0.94Fe 0 .06S forms the uniform solid solution with a zinc-blende crystal structure. The chemical composition was determined by the SEM microprobe and EDXRF (energy-dispersive X-ray fluorescence) analysis. Clean surfaces were prepared by cleavage in situ under UHV conditions.
As it was shown by means of many experiments and calculations [1] [2] [3] [4] [5] the unusual properties of DMS are defined by the interaction of the open shell transition metal (TM) ions with host semiconductor environment. In particular, exchange interaction between localised TM 3d spins and the band electrons as well as the sp-d hybridization had to be taken into account if any proper description of electronic band stucture of DMS was to be constucted [1] [2] [3] [4] [5] .
On the other hand, many experiments were done to verify the theoretical predictions of the strength of the hybridization and distribution of transition metal 3d derived states in the valence bands of many different DMS. Photoemission and optical spectroscopies was found to be the most useful tools for those investigations. The band mapping photoemission techniques gave the detailed information used to draw the Ε(k) diagrams of the band stuctures in the entire Brillouin zone [11] . However, TM derived contributions to the valence bands did not manifest themselves clearly in those results. The resonant photoemission techniques filled that gap. These methods proved to be useful for investigation of transition metal compounds [12] [13] [14] , and were also applied to reveal and identify the TM derived contribution to the band stucture of many DMS [15] [16] [17] .
The resonant enhancement of photoemission intensity from open shell systems is well known as being the result of a quantum mechanical interference between two processes leading to the same final state [18] . For Fe containing compounds we observe Fe 3p6 3d6 +hv -> 3p6 3d5 + e-and Fe 3p6 3d6 +hv -> 3p5 3d7 -> 3p6 3d5 + e - [19] .
The interference results in the strong modulation of the photoemission cross section around the photon energy of about 56 eV. It manifests itself as a Fanolike resonance occurring in X-ray absorption and photoemission spectra taken in constant-initial-state (CIS) or constant-final-state (CFS) modes. Consequently, Fe 3d derived contribution to the photoelectron energy distribution curve (EDC) can be clearly revealed by comparison of the spectra taken at the resonance and antiresonance photon energies.
The results of the resonant photoemission experiment performed for Hg0.94Fe0.06S are shown in Fig. 1 . The overall shapes of the spectra correspond well to those observed for other II-VIs. The first maximum at 2.8 eV occurs due to the emission from the upper part of the valence band while the second one (at 5.8 eV) is connected with transitions from the high density of states region at the bottom of the band at the X point of the BriHouin zone (dominated by the contribution of cation s states [4] ).
The shape of the Fe 3d derived density of states distribution is visualised by subtracting the spectrum taken at antiresonance from that recorded at resonance (Fig. 1) . In the difference spectum we revealed stuctures at 0.7, 2.3, and 3.9 eV. These energies correspond well to those found for stuctures characteristic of the Fe 3d partial density of states in Cd0.89Fe0.11Se (0.5, 2.3, 3.7 eV, respectively) [20] . However, the relative intensities of the features at 2.3 and 3.9 eV are markedly different for these two compounds. As it was shown by means of a configuration-interaction (CI) calculation [20] , these structures correspond mainly to transitions to the charge transfer configuration of d6 L, where L denotes a hgand hole. Thus, we can expect that the changes in their intensities result from a modification of p-d hybridization strength.
Development of β-HgS crystal growth technology enabled us so far to study the samples of the composition up to x = 0.06. The full interpretation of the stuctures observed still needs more experimental results, particularly for higher values of x. It is believed that the Fe solubility limit in HgS has not been achieved yet and we hope that some new crystals rich in Fe ions will be soon grown and investigated.
